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Calcium Metabolism and Bone Formation in Rats Fed a High Protein Diet

Masayuki FUNABA, Tomoyuki KAwWASHIMA, Hideo YANO and Ryoji KAWASHIMA

Department of Animal Science, Faculty of Agriculture, Kyoto University

The effects of a high protein diet on Ca matabolism and bone formation were evaluated in growing
rats. Urinary Ca excretion was increased 3 days after the ingestion of the high protein diet and apparent
Ca absorption tended to be decreased in rats fed the high protein diet. As the result, decreased serum Ca
concentration was observed in the high protein diet group. Bone formation was examined by endochon-
dral bone forming system using demineralized bone powder. Fourteen days after the implantation of de-
mineralized bone powder, it was observed that an active bone remodeling was induced by osteoblasts and
osteoclasts in the control group. By contrast, a greater part of cartilage was found in the high protein
diet group, which indicated the inhibition or the retardation of bone formation, without affecting the
values of biochemical parameters. A reduced Ca availability at the site of cartilage calcification might be

thought to impair bone formation.
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Table 1. Diet composition

Control High Protein

(g/kg diet)

Casein 180 180
Lactalbumin -_— 201
Dextrose 555 359
Lard 150 150
Corn 0il 50 50
Cellulose 25 25
Vitamin mix® 6.0 " 6.0
Mineral Mix® 14.7 14.7
CaCOs3 12.1 10.2
Ca (HzP04)-H20 6.8 3.8

20ne gram of vitamin mixture contains 500IU of vitamin A, 1001U of vita-
min D3, 5mg of vitamin E acetate, 5.2mg of vitamin K, 1.2mg of vitamin B;
HCl, 4mg of vitamin By, 0.8mg of vitamin Bg HCl, 500ng of vitamin Bz,
30mg of vitamin C, 20 #g of D-biotin, 200 ¢ g of folic acid, 5mg of Ca-pan-
tothenate, 5mg of p-aminobenzoic acid, 6mg of nicotinic acid, 6mg of inocitol
and 200mg of choline chloride.

Supplying (mg/kg diet) : MgCOs, 6900 ; ZnCO3, 96 ; FeS047H20, 124 ;
CuS045H20, 20 ; MnSO4xH20, 150 ; KI, 1.3 ; NaCl, 2300 ; NaCOs,
1300 ; K2COs3, 3530 ; NaySeOs, 0.22.
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Fig. 1. Changes of daily urinary volume, urinary Ca excretion and net acid excretion in rats.

Results are expressed as means * S.E.
* 1 p<0.05 as compared to the values in the control diet group.

Table 2. Effects of a high protein diet on Ca balance and serum Ca concen-

trations )
Control High protein

Intake 100 100

Feces 543 +92 61.2 92

Urine 0.81 £ 0.13 1.93 £ 0.13**

Absorbed 457 +9.2 388 92

Retained 449 +091 36.8 91

mg/100ml
Serum Ca 10.00 £ 0.09 9.70* + 0.09

Values are least squares mean = SE.
* ** . Significantly differ from control group (» < 0.05, 0.01, respectlvely)

ERHMEHICLD, day? CRERBTERRONL L o7, REHEEARTORS Ca it E
HBEAEERX TS ol RAPERBEIREE G BABIRFICIIEDELRL TS, BEHE
HOBIUZ L D ER2IZEA L, HOPREER2RT L) Ik o7,

KB 1 OBEHD, Thbb, day579 D Ca BER100L LB OHMB L MTE Ca iRE %
Table 2[R L7z BEAEADEBRICE VR Ca PRI EE2 S5ANEDLT L TIIH A HEFEIC
BinL, R2FO CaBIUIIMNH SN AEMER L. ZOE, Ca DEARAERBEALAX TR


Administrator
長方形


[(MERERME F75F 1990]

L¥ BN ER Lz, 72, BEARAXTIIME Ca z;%%f‘?mm AR bz,

2) B

Table 3 i day24 (BAH14A%) THY H LARREDROENFBSFEZRL TV D, Ca BE, Alp
B Acp FHERVTR L EHREBEOLEHIKE AERELR SR o 7o H-E BB, HRERX
TRBRG 5 LTV LB, Sl SMOBERROFELRL TV ALY, BEEHERT

B3N, Ba el t AERLNT, REMEISELRIREIBISE SN, ZOZ LIdHEAKX
L L CEEREER CRKENEILOKE AIRILLR OBRBIELES 5 i3I Shi-Z L 2RL .
TWwh,

Table 3. Effects of a high protein diet on Ca contents and enzyme activi-
ties in demineralized bone powder collected 14 days after the implantation

Control High protein

pg/mg wet tissue

Ca 8.84 £ 1.03 12.06 =+ 1.89
mM

Alp? 1.407 £ 0.250 1.134 + 0.261

Acp® 1.503 £ 0.276 1.392 + 0.206

Values are least squares mean * S.E.
- mM substrate utilized per mg soluble protein per an hour at 37°C .

Fig. 2. Histological observation of the 1mplanted demmerahzed bone powder in rats on dayl4.
(X100)

Paraffin sections stained with hematoxylin and eosin.

(a) . rats fed the control diet. Note bone matrix (M) and multinucleated osteoclasts (arrows).

(b) . rats fed the high protein diet. Note prominent chondrocytes (C) and the absence of bone
formation.
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